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Carbon Sequestration Models

The University of Utah's Clean Coal Center is examining several
ways that utility companies with coal plants could bury their
carbon dioxide emissions, which are greenhouse gases. The CO2
could be (1) pumped into saline aquifers for storage, (2) forced into
coal beds deep underground to push

methane out or (3) sent into oil )

deposits to help recover the R 0Oil tanks

thicker oils. b

Gas
turbine

Pérmian‘~

Basin
A i\( SACROC

Major basins (CO, sinks)
CO;, Pipeline infrastructure
i\( Proposed pilot test
Sources: lllinois State © Natural GO sources
Geological Survey, Mquest
Geological Sequestration

Consortium, TeleAtlas,
University of Utah

The Salt Lake Tribune and McClatchy-Tribune graphic
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UC3: Utah Clean Coal Program
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. Center for Simulation of
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“The Growing Storm
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energy questions:

“The Growing Storm”
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energy questions:

~« what are the drivers for
b A SR R ... unconventional (heavy)
- ,'* v 2 ¥z R T --{ :.» ' s'- ‘f:% epge ° ?
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‘increasing energy demand :
- developing nations: China & India

°rising cost of oil & gas
& low cost of coal

*huge global reserves of coal
& unconventional heavy oil



World Energy Demand
energy questions:
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increasing energy demand
- developing nations: China & India



World Energy Demand

energy questions:

MBDOE*
350

Africa

Middle East
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- fuel utilization?
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*increasing energy demand

- developing nations: China & India
°rising cost of oil & gas

& low cost of coal
*huge global reserves of coal

& unconventional heavy oil

SOURCE: U.S. Energy Information Administration



World Energy Demand
energy questions:

Economic growth brings more, faster travel

1,000,000 World
- North America At are ~ @ .
Pacific OECD "nventic
Western Europe .
1= Eastern Europe
100,000 - = Former Soviet Union
= Centrally Planned Asia
= Latin America
o = M. East, Nth&Sth Africa
S Other Pacific Asia
E 10,000 Sub-Saharan Africa ~ —
3 | == South Asia | ’
1,000
100
100 1,000 10,000 100,000 1,000,000

GDP/cap, US$(1996) .

Source: Schafer (2005)



“The Growing Storm”
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*increasing energy demand

- developing nations: China & India
rising cost of oil & gas

& low cost of coal
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energy questions:




Energy Price Trends (US$ per tonne of oil equivalent)

energy questions:

e what a'fe the drivers for
unconventional (heavy)
fuel utilization?
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“The Growing Storm”
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-increasing energy demand

- developing nations: China & India
°rising cost of oil & gas

& low cost of coal
*huge global reserves of coal

& unconventional heavy oil

World Energy Demand
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energy questions:
-

“The Growing Storm”

J Energy Price Trends (US$ per tonne of oil equivalent)
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“Th e GrOWin g Stor.m” “ energy questions:

¥ Energy Price Trends (US$ per tonne of oil equivalent)
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“The Growing Storm”
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-increasing energy demand

- developing nations: China & India

rising cost of oil & gas
& low cost of coal
*huge global reserves of coal
& unconventional heavy oil

World Energy Demand
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the issues with fossil fossil fuel utilization

question:

NATIONAL
GEOGRAPHIC

Coal is plentiful—and polluting. Can an energy-hungry world
afford to wait for this fuel to clean up?




the issues with fossil fossil fuel utilization

question:

NATIONAL
GEOGRAPHIC

Coal is plentiful—and polluting. Can an energy-hungry world
afford to wait for this fuel to clean up?




the issues with fossil fossil fuel utilization

question:

fossil fuel utilization?

NATIONAL
GEOGRAPHIC

When

Mountams
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Coal 1s plentiful—and polluting. Can an energy-hungry world | & it .
afford to wait for this fuel to clean up? Golies 25 S SRR R A .%'3
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The quest for Appalachian coal has led to mountaintop
removal, a process that's been called "strip mining on steroids."
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question:

the issues with
3| utilization?

2004 SO2 Emissions



the issues with fossil 1995 502 Enissed it fuel utilization

question:

Figure A-3.D.1 Achieved and Projected SO, and NO, Emissions the issues with
Reductions and Growth in U.S. Electricity Generation ~ fos: 2| utilization?
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the issues with fossil 1995 502 Enisset it fuel utilization

question:

Figure A-3.D.1 Achieved and Projected SO, and NO, Emissions \_ he the issues with
Reductions and € R ‘ ~ fossilfuel utilization?
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the issues with fossil 1995 502 Enissed it fuel utilization

question:

Figure A-3.D.1 Achieved and Projected SO, and NO, Emissions the issues with
Reductions and Growth in U.S. Electricitv Generation 2| utilization?
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the size & cost of fossil sources

A E Farrell and A R Brandt,
Environ. Res. Lett. 1 (2006) 014004 (6pp)
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the size & cost of fossil sources

A E Farrell and A R Brandt,
Environ. Res. Lett. 1 (2006) 014004 (6pp)
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E - Reserves n Increasingly uncertain resources
S 801 .
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g 601 Tar sands
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E | B Upstream emissions
5 20
© Fuel emissions
I ] v
| | | | | | | | | | | | | | | | | | |

| | | | | | | | |
1,000 O 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000

&S/ Potential for liquid hydrocarbon production (Gbbl)
\ | INSTITUTE FOR CLEAN AND

SECURE ENERGY

155 SOUTH 1452 EAST ROOM 380 @ SALT LAKE CITY, UTAH 84112 © 801-585-1233




GHG: carbon capture & storage (CCS)

e CO:2injection for:

— enhanced coalbed
methane recovery

— enhanced oil recovery
 acid gas injection

 deep disposal (@ ,

Coalb &d *\\\ 3 %
Methane l < i3
Reservoir

-
._‘:f:-'
.
"':-f-‘\\
~
’ Qil
Reservor
Reservoir
\

& INSTITUTE FOR CLEAN AND
— / SECURE ENERGY

155 SOUTH 1452 EAST ROOM 380 @ SALT LAKE CITY, UTAH 84112 © 801-585-1233




GHG: carbon capture & storage (CCS)

CO; storage question:

e can CO2 be stored?

e CO:2injection for:

— enhanced coalbed
methane recovery

— enhanced oil recovery
 acid gas injection

 deep disposal i@- '

Coalb&d \ : o
Methane l < i
Reservoir 7

o~ e

Coal
Mine

’ Qil
Reservor
Reservoir

& INSTITUTE FOR CLEAN AND
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GHG: carbon capture & storage (CCS)

CO; storage question:
.« o . . CO:2 be stored?
e COs:injection for: can CO: be store

— enhanced coalbed
methane recovery

— enhanced oil recovery
 acid gas injection o
» deep disposal Cop

\ Coal

‘fk'\ . Mine
Coalbed 5 > p 2
Memme l .{'. | '.'j:‘-'
Reservoir Zal
.

F

‘-f‘\\
’ Qil
Reservor
Reservoir
\
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GHG: carbon capture & storage (CCS)

CO; storage question:

CO2 Storage has proven to be economically feasible ie.: + can €0z be stored?
* Weyburn EOR in Canada for EOR

(CO2 from Great Plains Gasifier) PSS
* In Salah gas field in Algeria ‘
* Sleipner gas field in Norway
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GHG: carbon capture & storage (CCS)

CO; storage question:

i i . e can CO2 be stored?
e CO2 Storage has proven to be economically feasible ie.:

e Weyburn EOR in Canada for EOR
(CO2 from Great Plains Gasifier)

 [n Salah gas field in Algeria

 Sleipner gas field in Norway

é INSTITUTE FOR CLEAN AND
— / SECURE ENERGY

© 155 SOUTH 1452 EAST ROOM 380 @ SALT LAKE CITY, UTAH 84112 @ 801-585-1233




GHG: carbon capture & storage (CCS)

- CO2 storage question:

i i . e can CO2 be stored?
e CO2 Storage has proven to be economically feasible ie.:

e Weyburn EOR in Canada for EOR
(CO2 from Great Plains Gasifier)

 [n Salah gas field in Algeria

. Sleipner gas field in Norway Sleipner Vest project demonstrates 1st order

viability of commercial storage

. #7| FIRST major attempt an large volume CO,
<] sequestration, offshore Norway. Active since 1996.
Monoethanolamine (MEA) capture

Economic driver: Norwegian carbon tax on
industry ($50/ton C)
Cost of storage: $15/ton C

R e G
~ Operator: Statoil

. #Partners: Norsk-Hydro,

’ 5 | Target: 1 MM t CO./yr.
~ Petoro, Shell-Esso, S ?;‘ 10 MM ¢ Z/y'
A Total-Elf-Finaf <9 4k

| Miocene Aquifer: DW fan

| complex

v | > 30-40% porosity, 200 m
» high perm. (~3000 mD)

> between 15-36 °C — wli

critical range

Sleipner,

Py :
License:

- Sur\;ey of 7
|~ Denmark & Greenland

é INSTITUTE FOR CLEAN AND
~—— / SECURE ENERGY

155 SOUTH 1452 EAST ROOM 380 @ SALT LAKE CITY, UTAH 84112 © 801-585-1233

\ http://www.statoil. cbqv )




GHG: carbon capture & storage (CCS) _Co,uesﬁoz

i i . e can CO2 be stored?
e CO2 Storage has proven to be economically feasible ie.:

e Weyburn EOR in Canada for EOR
(CO2 from Great Plains Gasifier)

° In §alah gas fu.eld - Algeria Sleipner Vest project demonstrates 1st order
 Sleipner gas field in Norway viability of commercial storage

.z FIRST major attempt an large volume CO,
<] sequestration, offshore Norway. Active since 1996.
' Monoethanolamine (MEA) capture

agian carbon tax on

. E_Ieipner}fl immt’y (350/‘0“ C)
Cost of storage: $15/ton C
b Sur;éy of : e _oi|'_'

|-~ Denmark & Greenland ' S il R g i ,
A @ .. artners: Norsk-Hydro,

e 5 | Target: 1 MM t :
§ ‘--3‘?Petoro, Shell-Esso, s g;‘ 1 0 MM 'COZ/-V'
e Total-Elf-Fingj 29 faf;

| Miocene Aquifer: DW fan

complex

5 | » 30-40% porosity, 200 m
] thick

» high perm. (~3000 mD)

> between 15-36 °C — w/i

critical range

é INSTITUTE FOR CLEAN AND
~—— / SECURE ENERGY

155 SOUTH 1452 EAST ROOM 380 @ SALT LAKE CITY, UTAH 84112 © 801-585-1233
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GHG: carbon capture & storage (CCS)

CO: sto

e can CO2 be stored?
yes, there are
several large
demonstratio
projects

& INSTITUTE FOR CLEAN AND
— / SECURE ENERGY
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CO, Emissions stabilized with high CO, prices

(Deutch & Moniz, 2007)

70
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R | | No emission policy beyope
S 50 1igh CO;, Price Kyoto period (2C
G) _ow CO, Price Low CO2 Price:
g $7/t in 2010|+ 5%/yr
é 30
et $25/t in 2010 + 4%/yr
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CO, Emissions stabilized with high CO, prices

GCC question:

(Deutch & Moniz, 2007) * can the developed
countries of the world

affect global CO2

emissions?

0
§ 60 — Business as Usual BAU. o _
= | | No emission policy beyaope
S 5 — High CO, Price Kyoto period (2C
G) — Low CO, Price Low CO2 Price:
g $7/tin 2010(+ 5%/yr
é 30 —
6 20 H|gh CO2 Price:
= $25/t in 2010 + 4%l/yr
o 10
O
D

0

2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
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CO, Emissions stabilized with high CO, prices GCC question:

(Deutch & Moniz, 2007) * can the developed
countries of the world

affect global CO2

emissions?
/70
CHINA?

60 little penalty for 10yr lag in technology implementation
S
=50
)
)
= 40
-
O
E 30
S 20
_§ m— Business as Usual = High CO; Price
@ 10
= "¢ Annex B Only === 10-year Lag
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CO, Emissions stabilized with high CO, prices

GCC que

(Deutch & Moniz, 2007) * can the developed
countries of the world

affect global CO-
emissions? ¥es by
|

/0 ndtmg |Io‘:/v
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C_:HINA? _ . _ that the
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ICSE method question:

 what is the research
approach of ICSE?

INSTITUTE FOR CLEAN AND
SECURE ENERGY
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Predictive Science

ICSE method question:
Multidiscipline Simulation Science: o what is the research
hierarchically couple e imental & simulation data approach of ICSE?

verification, validation & UQ-> discovery & innovation

& INSTITUTE FOR CLEAN AND
— / SECURE ENERGY

155 SOUTH 1452 EAST ROOM 380 @ SALT LAKE CITY, UTAH 84112 © 801-585-1233




Predictive Science

MultidisciPline Simulation Science: - what is the research
hierarchically couple exgerlmental & simulation data approach of ICSE?
[

verification, validation & UQ= discovery & innovation

physical ) 4
world

after Oberkampf & Trucano,
Sandia National Labs

\ >) INSTITUTE FOR CLEAN AND

SECURE ENERGY *x AlAA, “Guide for the Verification and Validation of

Computational Fluid Dynamics Simulations,” (1998)
155 SOUTH 1452 EAST ROOM 380 SALT LAKE CITY, UTAH 84112 801-585-1233




Predictive Science

Multidiscilpline Simulation Science: - what is the research
hierarchically couple experimental & simulation data approach of ICSE?

verification, validation & UQ= discovery & innovation

 Loop Cycle Time:

too fast: risk of trying to extract physical
physical insight from numerical world "R
noise / A 9

too slow: risk of spending inordinate simujatioges { conceptual
amount of resources on dumb ideas. valigaticly

(experime

L

« V&V provide guidance on optimizing
cycle transfer rate to improve .
predictive quality e

after Oberkampf & Trucano,
Sandia National Labs

\/S INSTITUTE FOR CLEAN AND
~——"/ SECURE ENERGY *x AlAA, “Guide for the Verification and Validation of

Computational Fluid Dynamics Simulations,” (1998)
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Predictive Science

Multidiscilpline Simulation Science:
hierarchically

couple experimental & simulation data

e what is the research
approach of ICSE?

verification, validation & UQ= discovery & innovation

 Loop Cycle Time:

too fast: risk of trying to extract
physical insight from numerical
noise

too slow: risk of spending inordinate

amount of resources on dumb ideas.

« V&V provide guidance on optimizing
cycle transfer rate to improve
predictive quality

Y/
| >) INSTITUTE FOR CLEAN AND
—/ SECURE ENERGY

155 SOUTH 1452 EAST ROOM 380 @ SALT LAKE CITY, UTAH 84112 @ 801-585-1233

expt. data

validation

physical
world

A e
simulatic “’

conceptual

valicatiolg
(experime

L

computerized
code

after Oberkampf & Trucano,
Sandia National Labs

*x AlIAA, “Guide for the Verification and Validation of
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Utah Heavy Oil Program

e Mission: to provide interdisciplinary research support to federal
and state constituents for addressing the wide-ranging issues
surrounding the potential of an industry for oil shale, oil sands
and heavy oil production in the United States.

— characterization of the resource

— production and processing of the resource
— environmental and legal issues

— business and market issues
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and state constituents for addressing the wide-ranging issues
surrounding the potential of an industry for oil shale, oil sands
and heavy oil production in the United States.

— characterization of the resource
— production and processing of the resource
— environmental and legal issues

— business and market issues

» Task 1: Information, Data and Simulation Repository for all
unconventional oil, including heavy oil, tar sands (oil sands), and
oil shale
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Utah Heavy Oil Program

e Mission: to provide interdisciplinary research support to federal
and state constituents for addressing the wide-ranging issues
surrounding the potential of an industry for oil shale, oil sands
and heavy oil production in the United States.

— characterization of the resource

— production and processing of the resource
— environmental and legal issues

— business and market issues

» Task 1: Information, Data and Simulation Repository for all
unconventional oil, including heavy oil, tar sands (oil sands), and
oil shale

e Task 2: Solicited Sponsored Research: short-term projects to
clarify issues and seek solutions to challenges for managing and
utilizing these natural resources.
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*Planning & Leasing — FLPMA, NEPA,
ESA, Arch Res. Prot. Act, Mult
Mineral Dev. Act, Combined Hydro
Carbon Leasing Act, Energy Policy
Act of 2005

*Water — State Water Law; Clean
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Control and Reclamation Act
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*Planning & Leasing — FLPMA, NEPA,
ESA, Arch Res. Prot. Act, Mult
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*Water — State Water Law; Clean
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*Reclamation — Surface Mining
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CO2 Capture technologies

CO2 capture question:

 what are the CO2
capture technologies
for coal?
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CO2 Capture technologies

CO:2 capture question

 what are the CO2
capture technologies
for coal?
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COz Capture technologies

CO2 capture question:
@ i S /’ | - —
. j « what are the CO-

capture technologies
for coal?

-

Project — Location Start-Up Megawatts Products - Feedst® = fum g

Nuon (Demkolec) — Netherlands 1994 250 | Power / Coal
Wabash (Global/Cinergy) — USA 1995 260 | Repower / Coal, Pet Ca
Tampa Electric Company — USA 1996 250 | Power / Coal, Petroleum
Frontier Oil, Kansas — USA 1996 45| Cogeneration / Petroleur
SUV - Czech Republic 1996 350 | Cogeneration / Coal
Schwarze Pumpe — Germany 1996 40 | Power & Methanol / Lign
Shell Pernis — Netherlands 1997 120 | Cogen & H2 / Vi
Puertollano — Spain 1998 320 | Power / Coal, Coke
ISAB: ERG/Mission — Italy 2000 510 | Power / Asphalt
Sarlux: Saras/Enron - ltaly 2001 545 | Power, Steam, H2 / Vi
Exxon Chemical — Singapore 2001 160 | Cogeneration / Ethylene
API Energia - Italy 2001 280 | Power & Steam / Visbrec
Motiva LLC — Delaware, USA 2002 160 | Repower / Pet Coke
_Nippon Refining — Japan 2003 342 | Power / Asphalt

Q@P%M&@@mﬁ% 3,632 MW
E&wﬁiehee,, Operating Hours on Syngas > 750,000 hours

155 SOUTH 1452 EAST ROOM 380 @ SALT LAKE CITY, UTAH 84112 © 801-585-1233




CO2 capture question:

CO2 Capture technologies

* what are the CO2
capture technologies
steam turbine for coal?
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e what are the CO-

SASKPOWER'S CLEAN COAL capture technologies

POWER PLANT CONCEPT

steam turbine for coal?
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CO2 Capture technologies

CO2 capture question:

 what are the CO2
capture technologies
for coal?

CO, N,
% To Steam Cycle
&
:
0
7 Reducer Oxidizer
Coal Alir
CaCO,
Steam CHEU'4 CasS ASI‘I, CESE‘;‘
to Disposal
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CO2 Capture technologies

CO2 capture question:

e what are the CO-
e — capture technologies
: for coal?

To Steam Cycl

: CaCO,
CasSO CaS Al S ‘ |
i to Disposal CaO to CaCO, Loop CaCo,
o Nizbho24q) : a0 + CO, = CaCO; =

: Steam
CaCO, ‘ ‘ CaO + CO

III@!IAI&I‘IO;T; Iplol\\:all$l0l7llllllllllllll

O

Shift H,0 Hot Bauxite
Reaction . CO, + H,
O | Cold Bauxite

N,

4 C; ol CaS to CaSO, Loop \

Air Ash & spent
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CO2 Capture technologies

v

CO2 capture question:

 what are the CO2
capture technologies

.
WEA siriging —

- ~ co,

H,0 —{

12% CO,
5% 0O,

7% H,0
40°C

SO,, HCI, NO

& INSTITUTE FOR CLEAN AND
— / SECURE ENERGY

155 SOUTH 1452 EAST ROOM 380 @ SALT LAKE CITY, UTAH 84112 © 801-585-1233




CO2 Capture technologies

CO:2 cap

 what are the CO2
capture technologies

forcoal? . post-combus
- oxy-fuel
- pre-combust
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e when will clean coal -
technology become }

commercial? 9
e what are the costs of
clean coal technology?
3
-
=
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c
@
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5
CO2 transportation &

storage costs T $10/tc
(and dfopping
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clean_coal

implementét stechnologies
question: CO:2 cap
 when will clean coal  what are the CO:
technology become , capture technologies
commercial? soon - depending on for coal? . post-combus
CO: legislation fuel
 what are the costs of - OXy-tue
clean coal technology? - pre-combust
storage < $10/tonC
capture > $30/tonC
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e Mission: generate technical breakthroughs that allow
coal to be used as a major clean energy source in a
carbon-constrained world.
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Center for Simulation of Accidental

Fires & Explosions (C-SAFE)

* high fidelity simulation software for
massively parallel computers

thorough validation
data intensive |
uncertainty quantification .{

.///

3\
"'

Yo

0
_

Heat flux to a container g
ina 10-20m 3
transportation fuel fire

Heat transfer in or
near transportation
fires O(>1m)

Heat transfer from
large transportation
fuel fires

Fluid dynamics
in CH4 fires
O(1m)

\ _~ V
Momentum

driven flames
(Sandia TNF)

WA s

5

e 5
A

Buoyancy driven
flames (like
SandiaTNF)

Heat transfer with flow
past complex geometry

Non-reacting
buoyant (He)
plumes

Reacting mixing
layers (DNS data)

Flow past complex
geometry

Coupled
Problems

A

i LES Subgrid Subgrid Subgrid Radiation
roblems : turbulence mixing reaction
algorithm model
model model model

Soot mode
with optical
properties

Surrogate
fuel
formulation

Gas phase
chemical
kinetic model

Molecular
Processes
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Center for Simulation of Accidental

Fires & Explosions (C-SAFE)

high fidelity simulation software for
massively parallel computers

* thorough validation
 data intensive
e uncertainty quantification

Heat flux to a container
ina 10-20m
transportation fuel fire

Heat transfer from Heat transfer in or
large transportation near transportation
fuel fires fires O(>1m)

Fluid dynamics
in CH4 fires
O(1m)

——

simulation of a sour gas flare in crosswind

2

Buoyancy driven Momentum Heat transfer with flow
flames (like driven flames ast complex geomet
SandiaTNF) (Sandia TNF) g P9 =

Non-reacting
buoyant (He)
plumes

Reacting mixing
layers (DNS data)

Flow past complex
geometry

Init LES Subgrid Su.bgrid Subgrid Radiation
>roblems algorithm turbulence mixing reaction model
model model model

Surrogate Gas phase Soot model
fuel chemical with optical
formulation kinetic model properties
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Sponsored Research Projects
Millo it ol ol ealia o

» Millennium Synfuels, LLC

+ Joint venture between
» Qil Tech (Utah company)
- Ambre Energy Ltd (Australian company)

- Development of technologies for alternative
sources of oil (e.g., coal, oil shale)

« Collaboration w/University of Utah

« Short-Term Program (9 mo.)
» Assistance with retort technology to jump-:¢

process development

- Faculty: Eddings, Lighty, Silcox, Whitty

- Fundamental experiments - rates, optimizat

« Process modeling

« Assist w/pilot plant retort startup and opera
(plant located near Vernal, UT)

- Long-Term Research Programs (multi-yea
» Di-Methyl Ether (DME) Synthesis
« Faculty: Jan Miller, Wlodzimierz Zmierczak
» Other Programs i
- Exploring potential for long-term research efforté
related to their retort technology and coal [#
f gasification

( Millennium Synfuels, LLC
\ INSTITUTE FOR CLEAN AND
~—/ SECURE ENERGY
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70 EGI scientists & staff are a cost-shared laboratory

Largest University based petroleum research consortia in world with
60+ corporate members 1n 21 countries

Cooperation with > 40 International Organizations
Largest DOE University Geothermal program in USA

New Carbon Engineering Group for CO2 Sequestration
Delivered > $250 Million dollars of research



Anadarko - KMG
Anzon Energy
Apache
Benchmark
British Gas
BHPBiIilliton

BP

BPC Ltd.
Centrica

Chevron

Cobalt International
ConocoPhillips
Devon

DNO

El Paso

EnCana

Eni

Frontera

Gaz de France
Hess

Hunt Oil
Lukoil
Lundin
Maersk Oil
Marat.hon

V[urphy Oil
Nations Energy
Newtfield

Occ1dent);11
Oil Search
Oil India
oMV

Ophir Energy
Petrobras
Petronas

Petro-Canada
Pioneer

Pogo

Premier Qil
Red Leaf
Reliance
Remora Energy
Repsol YPF
ROC Oil
RWE Dea
Samson
Shell
Sipetrol
Statoil
Talisman
Teikoku Oil
Terralliance
Total
Tullow
Wintershall
Woodside



CENTER Research

* Radiation Dose Reconstruction/ Assessment
—Health effects-stochastic and deterministic
—Plutonium and Americium metabolism/ biokinetic modeling
—Chelation therapy for plutonium intakes

» Radiation Hardening/Materials Damage
—Dynamic materials testing (in core)
—New reactor materials development

* Fuel Reprocessing Modeling and Separation
* Neutron Imaging, Detector Development
* Energy Management and Savings
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Carbon Sequestration

The University of Utah's Clean Coa

ways that utility companies with co

carbon dioxide emissions, which are
could be (1) pumped into saline aqui
coal beds deep underground to push
methane out or (3) sent into oil
deposits to help recover the
thicker oils.

Sources: lllinois State
Geological Survey, Midwest
Geological Sequestration
Consortium, TeleAtlas,
University of Utah
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UHOC: Utah Heavy Oil Program

Center for Simulation of
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